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ABSTRACT
An approach to analyzing and evaluating strategies

for teaching science concepts at the first-year university level
based on B. O. Smith and co-workers' conceptual framework of teaching
was explored. The study assumed that teaching is a type of
goal-directed activity. Specifically, this paper offers a description
of a methodology for analyzing and evaluating concept teaching in
university science courses using Smith and coworkers' framework and
explores the usefulness of the methodol.ogy for teaching. The
methodological bridge ha3 four phases; (1) identify aspects 3f Smith
and co-workers' conceptual framework which appear useful for
ancAlyzing the actual teaching of science concepts; (2) characterize a
record of actual teaching strategies employed; (3) Analyze and
evaluate the results of Phase II; and (4) Suggest specific problems
arising from this study having general application to university
science teaching which need further investigation. A general
conclusion of the study is that the theoretical framework used
appears to be potentially useful for analyzing and evaluating certain
aspects of classroom teaching. The venture and move categorizations
of the framework proved tractable for analyzing actual teaching
strategies performed in a lecture-type teaching situation. Other
useful parts of the methodology include: (1) classifying and
organizing the information introduced by the various moves of a
venture, (2) tabulations of the information introduced about a
concept, and (3) analyzing conceptual ventures. (CK)
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Introduction
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INATING IT POINTS OF VIEW OR OPIN-
IONS STATED DO NOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EDU-
CATION POSITION OR POLICY.

The, study explored an approach to analysing and evaluating
strategies for teaching science concepts at the first-year uni-
versity level based on B.O. Smith and co-workers' conceptual
framework of teaching. As such, the study represents an attempt
to bridge the gap between a recently developed theoretical view
of teaching and practical problems of classroom teaching.

Smith et al (1962, 1967), followed by Coombs (1969), studied
teaching strategies with respect to various subject matter goals
achieved and the logical operations used to achieve them. The
authors identified a number of teaching strategies which can lead,
logically, to different teaching goals. The work of these re-
searchers make it possible to assess, on logical grounds, the
goodness-of-fit of an actual teaching strategy to an idealized
teaching strategy as indicated by a teadhing goal. Included in
their study are procedures and criteria for observing and analys-

c: ing teadhing behavior in the classroom.

A basic assumption made in the study was that teaching is a

type of goal-directed activity. The major goal of science
''teaching was taken to be the acquisition of scientific paradigms.
According to T.S. Kuhn (a philosopher-historian of science),

Pft4
scientific paradigms constitute what a "scientific community
thinks it knows." Many paradigms center on concepts while others
focus on methods of observation and instrumentation (Kuhn, 1962).

: For example, in physics one teaches the concept of "electric
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1Paper presented at the Annual COnvention of the American
Education Research Association, April 3-7, 1972 in Chicago,

2The paper is based on a doctoral dissertation submitted at
the University of British Columbia, Vancouver, Canada, 1971.



charge" as a theoretical paradigm basic to solving scientific
puzzles having to do with the phenomenon of electromagnetic in-
duction. Since science concepts are inextricably bound to
scientific paradigms, the teaching of science concepts is seen
as an essential aspect of science teaching strategies. Moreover,,

teadhing strategies used to teach science concepts are rarely,
if ever, firmly based on systematized knowledge of teaching.

By analysing the logical verbal operations in teadhing
strategies actually employed to teach a concept and assessing
the results in terms of the intended objective (i.e., explicating
a particular concept), one may be able to suggest on logical
grounds whether the strategy employed could lead to the intended
objective. Having identified successful and unsuccessful teach-
ing strategies on this oasis, for particular objectives, it
should be possible to speculate on preferred science teaching
strategies for particular teaching objectives, and to offer
suggestions for subsequent empirical investigations.

AROW1ficalltc. this.MPALLSOLMULSIAMMAILIJM-211...A.MPthodo-
low_ for analysing an4 evaluating.glemal.tegghing in universja
sc once courses usin Smith and co-workers 1967 framework,

including 19(3) and explores the use-

_James of themetlugloloy.for_Aeaching.

laata Used Methodolo

Examples of university acience teaching have been selected
to demonstrate the methodology. The lecture segment of an
introductory university physics course (Physics 110, University
of British Columbia, 1969-1970) forms the data source for teaching
strategies and goals. The course was designed for a hetero-
geneous population of first year university students not planning
to major in physics (approximately 650 students in all; physics

Evaluation Interim Report, January 1970,
p.8). During the course students attended separate lecture
sections but retained a common laboratory experience. Data for
this study was obtained from two lecture sections,both taught
by the same instructor.

The instructor willingly permitted and encouraged the
collection of the data used in this study. For example: he
permitted unobtrusive audio-taping of his lectures; he conscien-
tiously completed a questionnaire describing his teaching goal
for eadh lecture; and he actively participated in many discussions
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with the writer concerning his (the instructor's) teaching
goals in the physics course.

Transcripts of a selected set of lectures from the
instructor's course form the data source for actual teaching
strategies. The transcripts have been made from audio-tapes
which were obtained by recording off the public address system
during lectures. Additional written information presented in
the lecture on overhead transparencies was obtained but was not
useful for this study.

Teaching goals for the teaching strategies were obtained
from two sources. The instructor of the physics course pre-
pared a course rationale in which he gave his broad goals for
the course and some justification for these goals (Physics,
Education Evaluation Prolect, Interim Report, January 1970,
pp. 10-17). The course rationale serves as a means to focus
on the instructor's broad teaching goals. The instructor also
completed, prior to each lecture, an analysis of the objectives
for the lecture, the importance of these objectives for the
lecture, the importance of these objectives to the course and
the lecture, and other information about what he intended to
do in the lecture. Pre-lecture analyses form the data source
to pinpoint specific content objectives for each lecture.
Figure 1 is an example of a pre-lecture analysis questionnaire
used in the study.

Prom the approximately one hundred and forty lectures
presented in each of two sections of the introductory univer-
sity physics course, eleven lectures were selected for the
purposes of the present study. The lectures represent examples
of teaching strategies for each of the eight months of the
course excluding the first and last month. The lectures
selected met three criteria: First, the instructor had indi-
cated on the pre-lecture analysis questionnaire that he planned
to teach a concept; second, a record (audiotape, etc.) of the
actual teaching strategies in the lecture had been made; and
third, the instructor indicated on the questionnaire the
importance of the concept to the course--lectures containing
concepts which were moderate to very important, as rated by
the instructor, were selected. The lectures are the data used
in illustrat-Ing the methodology.

Table 1 presents the concept terms taught (Column 1),
month in which venture occurred (Column 20),importance of the
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concept to the course (Column 30),and the number of moves in
each conceptual venture (Column 4).

In the eleven ventures identified for the study, eight
different concepts were taught. The eight concept terms are:
"Mass", "Law in Physics", "Electricity", "Electric Field",
"Number of Field Linea", "Feedback", Illave Superposition", and
"Nuclear Binding Energy." The concept termed "Law in Physics"
was taught in three separate ventures; the remaining concepts
were taught in a single venture.

Methodology

The methodological bridge has four phases:

Phase I Identify aspects of Smith and co-workers' (1962, 1967)
conceptual framework which appear useful for analysing
the actual teaching of science concepts in a first
year university physics course.

Phase II Characterize a record of actual teaching strategies
employed in teaching science concepts in a university
science course.

A. Categorize a conceptual venture into moves.

B. Organize the information contained in the moves
with respect to the functions they accomplish
in teaching the concept.

C. Display the organized information in summary
form (rable 2).

Phase III Analyse and evaluate the results of Phase II with a
view to devising teaching strategies for specific
teaching goals based on logical teaching operations
conforming to the teadhing models developed by Smith
and co-workers.

A. Deduce rule-formulations for the concept seen as
the "potential prcduct" of the actual teaching
strategy.

B. Deduce an ideal set of rule-formulations that
meet certain epistemic rules for teaching functions



as the "intended product" of an ideal teaching
strategy for the same concept.

C. Match the "potential product" with the "intended
product" for similarity of information and "rule-
formulations" for the concept.

D. Devise teaching strategies specifically for the
concept based upon results of the matching pro-
cedure.

Phase TV Suggest specific problems arising from this study
having general application to university science
teaching which need further investigation.

A. Difficulties in using the "conceptual venture"
categorizations.

B. Problems in concept teaching.

C. Development of handbook of Teachsng Strategies
for Selected Science Concepts.

The unique contributions made in the methodological bridge
are: a procedure in Phase II for organizing information about
the concept presented as moves in a teaching activity; pro-
cedures in Phase III for analysing and evaluating from a logical
viewpoint, actual teaching performed in a classroom; and the
specific suggestions for further empirical studies (Phase TV).
Each phase is discussed below with an illustration from con-
cept teaching in a first-year university physics course.

Phase /: Identifying Aspects of
Smith and Co-WOrkers' Theoretical Framework

The basic task of this phase is to make explicit the par-
ticular concepts, constructs, and classifications of the
conceptual framework deemed useful for analysing the teaching
of concepts. Aspects of Smith and co-workers' conceptual frame-
work (Smith et al, 1962, 1967; Coombs, 1969) concerned with the
means of instruction and logical operations involved in
performing various teaching acts were identified and described.
For a complete discussion of this information the reader is
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referred to Bashook, 1971, Chapter II.

If one assumes that an important goal of teaching a concept
is the attainment of the concei-t by those being taught, then
following the frameworks description of the term "concept" (see
page 12) attaining a concept uould mean having "rules for using
the term which names the concept and rules governing one's
behavior with respect to including or excluding things from the
class designated by the term." (Coombs, 1969, p.1).

Coombs (1968) sug;ests three functions to be accomplished
in teaching a concept for attainment. These are:

1. Make clear haw the concept relates to a number of
other concepts the student has (proide relational
meaning);

2. Relate the concept to actual events, objects,
actions, or situations in the students' experience
(provide experimental reference);

3. Make clear the context within which the concept
haz application (provide content).

Coombs, 1969, p.1)

As a means of explaining teadhing functions consider the
following example. To teach the concept "gravitational mass"
in a physics class the teacher could provide "relational
meaning" by relating it to the concept "weight." Gravitational
mass, unlike weight* is an unchanging property of a body. The
weight of a body--the pull of gravity on it--changes, for
example, when the object is moved from the earth to the moon.
However, the gravitational masn of the object remains un-
changed (PSSC, 1965, p.327).

The teacher might provide experimental reference for the
concept by building upon the following:

Gravitational mass is what you measure with a beam
balance in equilibrium. Two masses that balance on
earth will also balance anywhere else--in a rocket
leaving the earth, on the planet Jupiter, or anywhere
else in the universe.

(PSSC, 1965, pp. 327-328)



A contextual definition for "gravitational mass" could be:

It is appropriate to use the term gravitational mass
in situations where it makes sense to talk about what
is measured by a balance in equilibrium under gravi-
tational forces and where motion is irrelevant.

(MSC, 1965, pp. 327-328)

Key concepts identified in the conceptual framework and
used as part of this discussion are: "teaching strategies,"
"concepts", "ventures", "moves", and "epistemic rules". For
reference, these concepts are described below.

The term teaching strategies has been taken to mean the
control of the subject irisiinstruction by the teacher in
order to attain certain outcomes or objectives and to guard
against others (Sinith, et al, 1967, p.49).

The term concept, is described as "a rule or set of rules
governing the use of a term" and "determining what things do
or do not belong in a given class" (ComAbs, 19698 p.1).
Implicit within this description of concept is a distinction
between the name, term or phrase used, and the class or
category of things to which the term is used to make reference
(i.e., the "referent"; Smith, et al, 1967, p.58).

"A segment of discourse consisting of a set of utterances
(verbal behavior of one person at one point in a class ses-
sion) dealing with a single topic and having a single over-
arching content objective (central focus of discussion)" is
referred to, generally, as a venture (Smith, et al, 1967, p.6).
Eight different classes of ventures were identified by Smith
and co-workers. Concqptual ventures have as their overardhing
content objectives "disclosing the conditions or criteria
governing the use of a term" (Smith, et 19678 p.294).

A venture can be further analysed into units termed "moves"
(Smith, et al, 19678 p.53). Mat refers to the verbal activity
which introduces one particular bit of information dealing
with the venture objective. A teacher, a student, or a teacher
and one or more students together may make a move (Cootbs,
1969, p.14).
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In the teaching of a particular concept (i.e., in a con.
ct-ptual venture) a move should help make clear the meaning of
the concepts. Smith and co.workers (1967, v.55) viaw the
activities of making clear the meaning of a concept, which are
dlscrilyva -11, the term moves, as logical operations aimed at
attaining a spacific teaching objective.

As a means of illustrating moves, consider the following
scaeme:

Let a, b, c, constitute the conditions governing
the use of the term d (biological misnomers), and
the oAects to which d is applicable be denoted by
x, z.

(Smith at al, 1967. p.55).

By offering instances of x, and zo the teacher and students
could explicate the term d, "biological misnomers". The following
three moves might serve this purpose.

Move for x

T: Can you name any other animals that W2
usually refer to as fish '3ut that do
not belong with the fish at all?

S : The whale is a mammal ...

Move for y.

S : ...The silverfish is an insect.

T: Oh, we studied one and made a drawing of him.

Move for z

S : Crayfish

T: The crayfish. We talked about that a
while ago...

(Smith et al, 1967, p.54).

10



In eliciting the names of animals (z, z) that have "fish"
as part of their name, or that are usually referred to as fish
(x) the teacher has aLomplishad the objective of explicating
"biological misnomer" (d). These moves serve to bring out the
meaning of the term (p.55).

Activities which introduce different kinds of information
about a concept constitute different kinds of moves within a
conceptual venture. Fifteen different kinds of moves, logically
related to the teaching of concepts, have been identified by
the authors (p. 62-82). In extending the author's initial work,
Coombs reclassified and relabelled these fifteen moves in con-
cept ventures into fourteen moves. For the purposes of this
study Coombs' fourteen moves have 3een used and are presented
for reference in the appendix.

Coom)s (1969) describes the term 22istst....nic rule as a sat of
conditions for appraising the correctness with which a specified
teachinj function has been performed in accomplishing the teach-
ing of a concept. Coombs has derived two epistamic rules as
guides in assessing the correctness of a teaching activity for
concept teaching. These are given in the appendix.

Phase II: Characterizing A
Record of Actual Teaching Strategies

There are two procedipres in the characterization phase.
The actual teaching strategies osterved are classified into con-
ceptual ventures. Classifications are performed in accordance
with Smith and co-workers' (1967, Appendix 1) procedures and
criteria. Than for each conceptual venture identified the moves
of the venture are catalogued using the procedures and categories
described in the appendix. In the second procedure possible in-
formation about the concept which has been introduced by the
various moves is arranged with respect to the functions the moves
might accomplish in teaching the concept.

Figure 2 contains a transcript of the segment of an actual
lecture identified as a conceptual venture focused on the concept
termed "Wave Superposition". The numbers in parenthesis in the
margin next to parts of the transcript indicate moves identified
in the venture. These are coded to the numbering scheme for
moves shown in the Appendix.

Place Figure 2 About }lora

11
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Conceptual Ventura Presenting tha Term

"Wave Superpos it ion "



Figure 2

A (5) This is a wave travelling but now let's find out how
we could find about the wave length of this wave.

We could do it in the following way. We cluld have a
wave travelling in one direction. The wave will be deflected at
the other and--will travel backwards towards ma; and the two
waves, the one wave travelling in this direction and the other
wave travelling backwards will then superimpose.

B (11) Let's do this, and the pattern I get with a frequency
just looks like a wave, ',ut it doesn't run. It's standing. So
this is what we call a standing wave.

C (12) Let's do it again with a different frequency. Let's
try to make anothr standing wave. I'll take a higher frequency--
(pause) --. This is a standing wave.

D (13) Now let's try to u'Aderstand how these standing waves
come about. To understand this we have the first--and essential
principle. Have to remedx:r...for. most of you it's mething
you already did in school. We have to remember the principle of
superposition of waves. So what we are setting out to do is, we
are looking for experimental proofs of the wave nature of electro-
magnetic radiation--(pause)

E (1) And to do this wa will make use of the principle of
superposition. -- (pause) --. We could phrase it as follows.
When two waves pass the same point at the same time the waves
at this point always superimpose. JUst let's write this down
like this, and than we will discuss what it means. --(pause)--.

F (5) The meaning of this is as follows. Let's say we have
one wave on this string. For instance, the wave I generated
by moving my hand. And We have another travelling along the
string. In this case the Wave is travelling the other direction
along this string. And this generated by reflection of the
primary wave at the wall. Then, these two waves add up.

This means, for instance, if at this point we have a
deflection upwards by the wave coming from this direction and
upwards at the same tima...by the way, from this direction we
will get twice the amplitude, twice the deflection in this point.

. 13



G (5) whereas, if the wave in this direction, for instance,
upwards and the wave coming from the other direction would be
downwards, then those two, if they have the same amplitude in
this point, tliese two would cancel out. In this way the waves
superimpose.

H (5) So to find the resultant wave pattern simply add up
the wave pattern of the one wave and the wave pattern of the
other wave and you get the resultant wave. Is this clear?
That's called superimposed waves.

I (13) Now, I have to add a notice of caution for mechanical
waves. This only holds for small amplitudes. When the ampli-
tudes are large it doesn't hold any more. But with electro-
magnetic waves this always holds.

J (5) Now, let's try, on these grounds, to understand the
standing waves we saw just now. Let's look at this primitive
machine I've got here. This is simply a wire wound around
another wire. And when I turn the crank here this looks like a
wave moving. It's rather a shaky machine, but anyway it works.
So this symbolizes a wave travelling toward the left. Now we
save another wire of this kind and this wire is bent such that
the wave is coming the other way. Now if we were going to
superimpose those two waves, we would Just be in the situation
as we were with the rubber string. One wave travelling in one
direction, the other wave travelling the other direction, and
,x)th waves ,eing sine waves. So let's just look at the
situation point :31, point, and let's see how these two Waves
are travelling along the same string. So the line, the
intersection of the line with this wave are the same point on
the string actually. We are superimposing those two waves.
We have them side by side just to compare. And let's see
what will happen. Now you will see that the wire in the centre
between those just is bent that way, that it looks like a
superposition of those two waves. At least it should.

K (13) Now you see at this moment the upper wave and the
lower are just ending their amplitudes and therefore the result
is a deflection of higher amplitude. Now, at this moment both
of them are zero or almost counteracting. They are not quite
properly 73ent I see. So they cancel out at this moment. Now
both of them have negative amplitude. They add up that way
that we have a negative deflection downwards. And so these two
waves let's say here, for instance, than you will notice that

14



the upper wave and the lower wave which are models for the
wave travelling on the same string are always opposite, so
they will cancel out. The upper wave is positive now, the
lower wave is negative, cancelling. Both are zero. The
upper is negative; the lower is positive; they are cancelling
out. And therefore the superposition of those two waves in
this point doesn't give a deflection all the time. Whereas
the superposition of the waves in this point gives a maximum
oscillation. And that is exactly what we saw when we saw
the waves on the string. I produced a sine wave travelling
the other direction. They superimpose in such a way that
there are places of maximum oscillation and that there are
paaces with no oscillation at all.

L (5) That's low frequency wave. Me have one point
which doesn't move at all. That's called a node. That
doesn't move at all. Now let's take a higher frequency.
It's still low frequency. Let's damp this down first.
Now we have several nodes. Because I produced a sine wave
travelling in direction towards the wall and the sine wave
was travelling back and those two were superimposing.

. IS
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Tdble 2 is a representation of the possible information
about a concept which could be introduced through the various
moves. Note first that the moves have been arranged with
respect to the functions they might accomplish in teaching a

concept. Column one of the Figure represents information
providing theoretical or relational meaning for the concept;
the second column represents information on experimental re-
ference; and the third column represents information on the
content within which the concept has application. Secondly,
the moves have been organized into information categories
according to the kind of information they provide about the
concept. For example, below the information category
termed "analogy", analogy and differentiation moves provide
information of this type (move :lumbers 7 and 8 in the
appendix).

Place Tdble 2 About Here

Also note that charcaJteristic and case characterization
moves may provide relational meaning and/or experiential
reference. For instance, one could describe a watch by saying
"one characteristic of a watch is that it is used to tell
time." In this type of characteristic move the person has
related the concept term "watch" to the concept term "time."
Describing the watch by pointing out that "a watch has two
hands whidh move on a face in accordance with the Observed
motion of the sun" is an example of a characteristic move
providing experiential reference.

The actual information presented in the teadhing strategy
concerned with the concept termed "wave superpositionv is
presented in Table 3. The capital letters in the 'bible next
to the short phrases are for cross-referencing with the
lecture transcript in Figure 2. The parenthesized nuMbers
are for reference in identifying the type of move as in-

dicated in the Appendix.

Place Table 3 About Here

Reliability of the venture and move classifications per-
formed by the writer established through a comparison of the
writer's classification of actual teaching acts with that of
an expert -- one of the major researchers of the conceptual
framework used in the study, Professor J. Combs.
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Phase III: Analysing and Evaluating Actual
Teaching Strategies for Goodness-of-Fit with Ideal

Teaching Strategies

An analysis of information introduced in a teaching
strategy concerned with a concept yields "rules governing
one's use of the concept term and one's behaviour with re.
spect to including or excluding things from the class desig-
nated by the term" (CooMbs, 1969, p.1). The rule-formulations
(i.e.1 statement of the rule) are elicited from the information
introduced by the moves in an actual conceptual venture. From
the viewpoint of the conceptual framework the "intended pro-
duct" of concept teaching is a complete set of rule-formu-
lations for each concept taught.

The analysis procedure involves deducing rule-formulations
which are the "potential product- of an actual teaching
strategy, and deducing the rule-formulations constituting the
"intended product.- In the sUbsequent evaluation procedure
the -intended product" is compared with the "potential pro-
duct" and suggestions made for improving the match between
them.

Analysis Procedure Yielding AL"Potential Product" From An
Actual TeaChing Strategy. An epistamic rule has been for-
mulated to serve as a guide for eliciting the rule-formulations
of a concept from the information presented in actual teaching
strategies. The epistemic rule is:

The statement of each rule used in the description
of a concept must be such that the rule accurately
reflects the meaning and implications about the
context of the concept term inferred from infor-
mation in a venture.

The epistemic rule is used to determine if information
presented by the instructor in a venture has been interpreted
correctly in the analysis procedure. The test for correct-
ness of interpretation is whether the description of a con-
cept deduced from the venture is accurately displayed in the
form of "a set of rules governing the use of the (concept)
term" and "determining what things do or do not belong in a
given class" (Definition of a Concept, CooMbs, 1969, p.1).
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As an illustration of the analysis procedure consider
the following description of the concept called "Wave Super-
position". Information presented in the form of moves in
the venture concerned with "Wave Superposition- was character-
ized in Phase II into three categories according to "the
function to be accomplished in teaching a concept": Providing
relational meaning, providing experiential reference, and
providing context. The displayed information, Table 3, is
analysed by extracting key phrases or ideas which help to
describe or define the concept.

For instance, the information "for mechanical waves
superposition only applies to small amplitude waves; applies
for all electro-magnetic waves" suggests ideas for formulating
a rule to distinguidh what things to do or do not belong to
the class designated by the term "Wave Superposition." One
formulation of the rule might be: "The class of things having
the property 'Wave Superposition should be limited to small-
amplitude mechanical waves and all electro-magnetic waves."
Another formulation of the same rule might be: "Mechanical
waves other than those having small amplitudes are not to be
placed in the class of things which have the property 'Wave
Superposition' but the term applies to all electro-magnetic
waves."

The epistemic rule is brought to bear on these rule-
formulations by suggesting a further search for meanings and
implications not already present in the rule, which could be
inferred from the information given. Since the two rule-
formulations stated above accurately reflect, as far as can
be ascertained from the information given, themeaning and im-
plications of the concept term "Wave Superposition" in the
context given they constitute a "potential product" of at
least this part of the venture.

An illustration of rule-formulations for the concepts
termed "wave superpositions" is presented in Table 4. The
first column indicates the concept term. The second column
indicates the teaching function accomplished if the rule-
formulation is the product of teaching the concept. The
third column contains letters representing the section of the
venture shown in Table 3 which formed the information used
to deduce the rules for each concept taught. The letters
represent the section of the venture from which information
about the concept was abstracted, condensed, and presented
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in Table 3. The letters for this concept are also in-
dicated next to sections of the actual transcript shown in
Figure 2. The last column contains the rules formulated for
the concepts as deduced from information contained in the
ventures.

Insert Table 4 About Here

Anglyam.Procedure Yieldin An "Intended Product" From An
Ideal Teaching Strategy. The overarching content objective
for a conceptual venture is the disclosing of conditions or
criteria (rule-formulation) governing the use of the term
(Smith et al, 1967, p.294), For a model conceptual venture
(ideal teaching strategy concerning concepts), according to
the conceptual framework, sufficient criteria or conditions
must be disclosed to warrant the use of the concept term.
The epistemic rules suggested by CooMbs (1969, pl. 1; also in
Appendix) serve as a guide in developing criteria. Sudh a
sat of rule-formulations are the "intended product" of an
ideal teaching strategy. In the form .of rules governing the
use of the term they are comparable to the rule-formulations
resulting from an analysis of actual teaching strategies.
In summary, then, this sUbsection presents a procedure which
can be used to yield intended rule-formulations from ideal
teaching strategies that fulfill the epistemic rules.

The theoretically possible information about a concept
which could be introduced through moves in a conceptual ven-
ture bas been displayed in Table 2. The kind of information
each move can provide in teaching a concept is the starting
point for proposing intended rule-formulations for the con-
ceptual venture carried out by the instructor. Note, how-
ever, that the concern is with information at the level of
abstract3on identified in the course by the instructor i.e.,
suitable for first-year university physics students. In-
formation for this purpose was Obtained from first-year
physics textbooks, the actual teaching strategies, state-
ments by the instructor about his intended goals (i.e., the
course rationale, the Pre-lecture Analysis Questionnaire)*
and other meMbers of the Physics Faculty involved in similar
undergraduate physics courses. The resulting information is
then classified into moves and the moves characterized
according to the teaching functions which could be accomplished
in using them to teach the concept.
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The characterized information is used to formulate
"rules governing the use of the. term...". Each rule-formu-
lation is checked for correctness by applying the epistemic
rule described above (p.15). The set of rule-formulations
obtained in this way is checked for completeness by applying
the epistemic rules described in the appendix. The "intended
product" then, is a set of rule-formulations or criteria
sufficient to warrant appropriate use of the concept term.

As an illustration of the procedures the concept termed
"Wave Superposition" has been selected. Table 3 presents
information Obtained from characterizing the actual teaching
strategy for this concept. Rule-formulations deduced from
the information are presented in Table 4. These rule-formu-
lations constitute a possible subset of the ideal set of
rule-formulations needed for the concept term. The ideal set
are "intended product" of teaching the concept. Additional
rule-formulations are now sought in order to 'have a set of
criteria sufficient for using the concept term. We seek to
formulate necessary or typical rules wtich are sufficient to
allow application of the term in all Otuations to which it
is typically applied in first-year university physics courses
and rules which eliminate application of the term in all cases
not appropriate to this school level.

For example, Orear (19670 p. 242) in a first-year uni-
versity physics textbook indicates that When a single wave
pulse is set in motion from one end of a taut string and
simultaneously a single wave pulse is started at the other
end, "the two pulses will cross through each other and con-
tinue to proceed in their own directions", unchanged in shape
and velocity. The additional information is that the waves
continue after crossing as if unaffected in the crossing
event. Orear points to this occurence as the characteristic
of "Wave Superposition"("consequence of the Principle of
Superposition", in Orear's terms, 1967* p.242)0 Since the
information provides a characteristic feature of the concept
that is potentially observable by students* the information
could be characterized for teaching purposes, as provtding
experiential reference.

A rule-formulation deduced from the information could
be: "Superposition of waves does not affect the initial
form of the waves."

23
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Another rule-formulation, for example, concerning wave
superposition could be deduced from information supplied by
Miller (1967) in another first-year university physics text.
Miller specifies an important contextual limitation in
applying the term "Wave Superposition.. To use Miller's
(1967, p.217) words, there is 'a definite assumption about
a medium when we involve the superposition principle of waves
of some sort in a medium." An example of such an assumption
is the idealization that for pulses on a coil spring: (1) the
spring must be perfectly flexible; (2) it must have no in-
ternal resistance; and (3) it must be kept in a vacuum. In
the actual teaching strategy the information concerning large
amplitude mechanical waves does not seem to imply the same
necessary rule-formulation. Not enough information was given
about why the principle applies only to small amplitude
mechanical waves. The rule-formulation deducible from cam-
bining Miller's information and that presented in Table 3 is:
"The term wave superposition can be used in discussing all
electromagnetic waves, and it can be used in discussing ..

mechanical waves of small amplitude in which case deviations
fram ideal conditions of the medium are or can be considered
to be negligible."

The epistemic rules in the conceptual framework are
applied to the rule-formulations presented in Table 4 in
combination with the two additional rule-formulations stated
above ty ascertaining whether the rules as formulated are
necessary in order to warrant using the. term "Wave Super-
position". Examination of typical cases to which the term
is applied in the two first-year university physics texts
mentioned above, the transcript of the venture for the con-
cept, reveals that the term is only applied to ideal cases
-- idealized springs, strings, liquid surfaces and
electromagnetic fields, and not to situations that ocean-
ographers or engineers, for example, have to deal with. The
rule-formulation given above allows application of the term
'Wave Superposition' to typdcal cases and rules out appli-
cation to atypical situations with significant deviations
from idealized conditions sudh as waves along real springs,
real strings held loosely, and real liquid surfaces. This
rule-formulation, therefore, can be considered part of the
'intended product' of the ideal teaching strategy for tbe
concept called "Wave Superposition The "intended product"
for the ideal teaching strategy of each concept can be for-
mulated by the same procedure.
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In Table 5, column 1 contains the concept term; column 2
presents the source of the additional information; and column
3 contains a summary of the information needed in addition to
that presented in Table 3. The rule formulated from the
additional information, teaching function to be accomplished
by using the information, and a tentative move category are
presented in columns 4 to 6 of Table 5 respectively.

Insert Table 5 About Here
0111111

The rule-formulations given in Table 4 coMbined with
those given in Table 5 represent the "intended product" of
ideal teaching strategies for the concept described. The
complete set of rule-formulations for the concept the
"intended product" -- is presented in Table 6.

Insert Table 6 About Here

Evaluation Procedure. Matching rule-formulations of the
"potential product- to rule-formulations of the "intended
product" in order to identify missing, adbiguous, incomplete
or redundant rules in the former, is the first step in the
evaluation procedure. The second step is to specify a move
or moves which should be performed in order to produce the
missing rules. Choosing a move may be facilitated by con-
sidering the nature of the teaching function to be provided
(i.e., Table 2). Finally, model moves are suggested which
could be performed in order to meet the function proposed.

Again, the concept called 'Wave Superposition" will be
used to illustrate the steps in the procedure. Rule-formu-
lations comprising the "potential product- and "intended
product" are compared in Table 7. It is evident that rules
7 and 8 in the "intended product" are not present in the
"potential product". However, rules 5 and 8 describe similar
features of the concept (restrictions in applying the concept
term to certain wave-types), but rule 5 is not as complete
as rule 8.

Place Table 7 About Here
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Table 6. The "Intended Product"

Concept Name Rule-Formulations

.

Wave Superposition (1) The term should be applied to the metin..1;
of two waves travelling along the same path
but in opposite directionz.

(2) When two waves pass the same 2c
time the concept term applies.

(3) Adding up of two waves crossing
superposition of waves.

(4) When two waves superimpose tlwy in the
class of things to which the term appl.

(5) The term only applies to small .7.4.:,1:i.tude

mechanical waves but applies to al: .111caz..:omaznc..:

waves.

(6) If waves superimpose at least one p,:int
alonLr the wave will not move. That 1;cil-.1:. is
called a node.

(7) Superposition of waves does not aeet thz...
initia.1 shape anc: Vdlocity of the w::-,1;.:s

(8) The term wavc superT)osition ca..1 _"
di5csing all cictrovlagnetic.waves, 4 ..

cc.n oe

ideal c;c1:1d-lt1 c-.1 fae medium z.ra



T
a
b
l
e
 
7
:

C
o
m
p
a
r
i
s
o
n
 
o
f
 
"
P
o
t
e
n
t
i
a
l
 
P
r
o
d
u
c
t
'
:
 
a
n
d
 
"
I
n
t
e
n
d
e
d
 
P
r
o
d
u
c
t
"

C
O
N
C
E
P
T
 
T
E
R
M
:

W
A
V
E
 
S
U
P
E
R
P
O
S
I
T
I
O
N

"
P
O
T
E
N
T
I
A
L
 
P
R
O
D
U
C
T
"

"
I
N
T
E
N
D
E
D
 
P
R
O
D
U
C
T
"

1

(
1
)

T
h
e
 
t
e
r
m
 
s
h
o
u
l
d
 
b
e

a
p
p
l
i
e
d
 
t
o
 
t
h
e
 
m
e
e
t
i
n
g

o
f
 
t
w
o
 
w
a
v
e
s

t
r
a
v
e
l
l
i
n
g
 
a
l
o
n
g
 
t
h
e
 
s
a
m
e
 
p
a
t
h
'

b
u
t
 
i
n
 
o
p
p
o
s
i
t
e
 
d
i
r
e
c
t
i
o
n
s
.

(
2
)

W
h
e
n
 
t
w
o
 
w
a
v
e
s

p
a
s
s
 
t
h
e
 
s
a
m
e
 
p
o
i
n
t
 
a
t
 
s
a
m
e

t
i
m
e
 
t
h
e

z
o
n
c
e
p
t
 
t
e
r
m
 
a
p
p
l
i
e
s
.

(
3
)

A
d
d
i
n
g
 
u
p
 
o
f
 
t
w
o
 
w
a
v
e
s
 
c
r
o
s
s
i
n
g
 
i
s
 
c
a
l
l
e
d

s
u
p
e
r
p
o
s
i
t
i
o
n
 
o
f
 
w
a
v
e
s
.

(
4
)

W
h
e
n
 
t
w
o
 
w
a
v
e
s

s
u
p
e
r
i
m
p
o
s
e
 
t
h
e
y
 
a
r
e
 
i
n
 
t
h
e

c
l
a
s
s
 
o
f
 
t
h
i
n
g
s
 
t
o
 
w
h
i
c
h
 
t
h
e

t
e
r
m
 
a
p
p
l
i
e
s
.

(
5
)

T
h
e
 
t
e
r
m
 
o
n
l
y
 
a
p
p
l
i
e
s

t
o
 
s
m
a
l
l
 
2
,
:
m
p
1
i
t
u
d
e

m
e
c
h
a
n
i
c
a
l
 
w
a
v
e
s
 
b
u
t
 
a
p
p
l
i
e
s

t
o
 
a
l
l
 
e
l
e
c
t
r
o
m
a
g
n
e
.
.
:
1
c

w
a
v
e
s
.

(
6
)

I
f
 
w
a
v
e
s
 
s
u
p
e
r
i
m
p
o
s
e
 
a
t
 
l
e
a
s
t

o
n
e
 
p
c
i
a
t

a
l
o
n
g
 
t
h
e
 
w
a
v
e
 
w
i
l
l
 
n
o
t
 
m
o
v
e
.

T
h
a
t
 
p
o
i
n
t
 
i
s

c
a
l
l
e
d
 
a
 
n
o
d
e
.

(
1
)

T
h
e
 
t
e
r
m
 
s
h
o
u
l
d
 
b
e
 
a
p
p
l
i
e
d
 
t
o
 
t
h
a

m
e
a
z
i
n
a
.

o
f
 
t
w
o
 
w
a
v
e
s
 
t
r
a
v
e
l
l
i
n
g

a
l
o
n
g
 
t
h
e
 
s
a
m
e
 
p
a
t
h

b
u
t
 
i
-
 
o
v
o
o
s
i
t
e
 
d
i
r
e
c
t
i
o
n
s
.

(
2
)

W
h
e
n
 
t
w
o
 
w
a
v
e
s

p
a
s
s
 
t
h
e
 
s
a
m
e
 
p
c
i
a
t
 
a
t
 
s
a
m
e

t
i
m
e
 
t
h
e
 
c
o
n
c
e
p
t
 
t
e
r
m
 
a
p
p
l
i
e
s
.

(
3
)

A
d
d
i
n
g
 
u
p
 
o
f
 
t
w
o
 
w
a
v
e
s
 
c
r
o
s
s
i
n
g
 
i
s
 
c
a
l
l
e
d

s
u
p
e
r
p
o
s
i
t
i
o
n
 
o
f
 
w
a
v
e
s
.

(
4
)

W
h
e
n
 
t
w
o
 
w
a
v
e
s
 
s
u
p
e
r
i
m
p
o
s
e
 
t
h
e
y
 
a
r
e
 
i
n
 
t
h
e

c
l
a
c
s
 
o
f
 
t
h
i
n
g
s
 
t
o
 
w
h
i
c
h
 
t
h
e
 
t
e
r
m
 
a
p
p
l
i
e
s
.

(
5
)

T
h
e
 
t
e
r
m
 
o
n
l
y
 
a
p
p
l
i
e
s
 
t
o
 
s
m
a
l
l
 
a
m
p
l
i
t
u
d
e

m
e
c
h
a
n
i
c
a
l
 
w
a
v
e
s
 
b
u
t
 
a
p
p
l
i
e
s
 
t
o
 
a
l
l
 
c
l
e
c
z
r
o
m
a
g
n
e
c

w
av

es
 .

(
6
)

I
f
 
w
a
v
e
s
 
s
u
p
e
r
i
m
p
o
s
e
 
a
t
 
l
e
a
s
t
 
o
n
e
'
p
o
i
n
t

a
l
o
n
g
'
t
h
e
 
w
a
v
e
 
w
i
l
l
 
n
o
t
 
m
o
v
e
.

T
h
a
t
 
1
;
o
i
n
t
 
i
s

c
a
l
l
e
d
 
a
 
n
o
d
e
.

(
7
)

S
u
p
e
r
p
o
s
i
t
i
o
n
 
o
f
 
w
a
v
e
s
 
d
o
e
s
 
n
o
t
 
a
f
f
c
t
 
t
'
c
l
e

A
:
n
i
t
i
a
l
 
s
h
a
p
e
 
a
n
d
 
v
e
l
o
c
i
t
y
 
o
f
 
t
h
e
 
w
a
v
e
s
.

(
8
)
 
'
T
h
e
 
t
e
r
m
 
w
a
v
e
 
s
u
p
e
r
p
o
s
i
t
i
o
n
 
c
a
n
 
b
e
 
u
s
e
d
 
:
C
a

d
i
s
c
u
s
s
i
n
g
 
a
l
l
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
w
a
v
e
s
,
 
a
n
c
l
 
i
t

c
a
n
 
b
e
 
u
s
e
d
 
i
n
 
c
:
L
s
c
u
s
s
i
n
g
 
m
e
c
h
a
n
i
c
.
1

s
m
a
l
l
 
a
m
p
l
i
t
u
c
e
 
I
n
 
w
h
i
c
h
 
c
a
s
e
 
c
:
e
v
i
a
z
:
o
n
:
,

-

i
d
e
a
l
 
c
o
n
d
i
t
i
o
n
 
o
f
 
t
h
e
 
m
e
d
i
u
m
 
a
r
e
 
n
3
-
1
i
L
f
.
.
1
;
l
c
.



19-

Su--estions for Im rovin the Match Between Actual and Ideal
Teaching Strategies.. The next step is to specify particular
moves based on empirical studies of teaching which when per-
formed would present the information needed to deduce the
missing rules. As the study was exploratory in nature em-
pirical studies of preferred teaching strategies were not
undertaken. Instead, teaching experience forms the basis
of the move specifications. Suggestions for empirical
studies are discussed in Phase IV of the methodology.

Table 5 contains suggestions for this evaluation step.
Reading across the columns in the Table the information pre-
sented by Miller (column 3) can be translated into a rule-
formulation (column 4) which could accomplish a function in
teaching the concept (column 3) when presented as the proposed
move category (column 6). The suggested move types can be
used as a guide for suggesting new teaching activities which
should be added to the eictual teaching strategy; or, these
move categories can be used as a guide for suggesting modifi-
cations to existing teaching activities which already had been
classified as a particular move. Both suggestions could serve
to improve the actual teaching strategies by bringing them
more in line with the ideal.

The actual teaching strategy for "Wave Superposition"
could be modified slightly in order to integrate into it the
information needed to deduce the two additional rule-formu-
lations. The information concerning wave independence
(rdble 6, column 3) could be integrated with section F of
the actual lecture transcript (Figure 2). Since this section
was catalogued as a case characterization move, a phrase in.
dicating the independent nature of the crossing waves in the
case cited would be sufficient. Another way of introducing
the same information would be in the form of a characteristic
move placed between coded sections E and P of the transcript.
The move might be stated in the same words used in the rule-
formulation. For the information concerning the nature of
the medium, the "usage move presenting information about
mechanical and electromagnetic waves (Transcript section I,
in Figure 2) might be expanded to include the information on
medium. For example, the rule concerning transmitting medium
could be deduced from the phrase: "A large amplitude wave
would be one which permanently deformed the medium through
which the wave travelled -- like -- shock waves breaking a
crystal glass."
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These modifications to the teaching strategy concerning
"wave Superposition" are only examples of possible ways of
improving the match between actual and ideal teaching strate-
gies. The specific teaching strategy proposed (including the
suggested additions) should be logically sound and would re-
quire an experimental verification of the effectiveness of the
strategy for meeting specified teaching goals. An instructor's
tadk would involve determining which nile-formulation he can
assume the students already have and which rule-formulations
the students must deduce from information introduced in the
teaching strategy. In this way, he could decide how to or-
ganize his teaching in order to maximize the clarity and pre-
cision of the "potential product."

Phase IV: Specific PrOblems Deserving
Further Investigation

Three problems have been identified which deserve fur-
ther investigation. The problems are viewed as ranging along
a hypothetical continuum from theoretical at one end to
practical at the other. In logical order, the problems begin
with theoretical considerations and movt toward practice.
The problems ifientified are: a suggested expansion of the
conceptual venture idea to include written material with
other discourse when analysing a teaching strategy; devising
teaching strategies for concept teaching by considering the
"functions to be accomplished in teaching a concept- in terms
of the "point-at-dbility" of a concept; and a suggestion for
employing the methodology as a tool in devising °Art Handbook
of Teaching Strategies for Selected Science Concepts.*
These prOblems describe a range of possibilities for further
investigation arising from the work in this study. As an
example of potential investigations consider one problem
concerned with teaching concepts.

Nuthall in a study involving alternative strategies for
teaching concepts and the resultant learnings, identified an
important problem in concept teaching. NUthall (1968) points
out that it may be difficult to separate the teaching strategy
from the kind of concept being taught. It may well be that
eadh concept to be taught requires its own partinular teaching
strategy.



-21-

Analysing teaching strategies with respect to the de-
notative meaning of a concept (describing the physical
features of a referent; Nunnally, 1967, p.540) was accomplished
by Anderson (1968). Anderson described the denotative
meaning of concepts in terms of the "ease-of-pointing" to
features of the referent and the "number-of-pointings"
necessary to describe the concept (i.e., point-at-ability. of
a concept: Anderson* 1968* p.60). Taking Anderson's approach
to the problem of analysing the kinds of concepts to be
taught and combining it with the approadh taken in the present
study -- as delineated in Table 3 -- may be one way of viewing
the difficulty posed by Nuthall.

The following is an illustration of some of the possi-
bilities in using the cothbined approach. Considering rule.
formulations for the concept termed "Mass", as described by
Bashook, 1971, one might still have difficulties in pointing
to particular instances where the concept term "Mass- could
be used. Yet, given an instance, one could say whether the
term "Mass" was used properly in the instance or not. The
distinguishing feature between the two situations is that
for the first situation one is asked to 'point-at" an in.
stance, while in the second situation an instance is
-pointed-out" and one must indicate whether the term 'Mass"
applies or not.

Now, if the same two situations are ccasidered for the
concept termed "Wave Superposition" it would appear more
likely that the rule-formulations for this concept (Table 6)
are adequate for one to apply the concept term correctly in
both situations. The difference between the concepts in
these two situations lies in their point-at-ability" --
the concept termed "Wave Superposition" seems easier to
"point-at" than the concept termed "Mass."

The teadhing strategies employed differ for each concept.
Tdble 8 summarizes the types of moves actually employed for
each. Note that approximately the same number of moves were
involved for the concepts when the teaching functions were to
"provide relational meaning" or "experiential reference", and
that more than twice the nuMber of moves were used in pro-
viding content for the concept termed "Mass" when compared
with "Wave Superposition." Keeping in mind the -point-at-
ability of the two concepts, 'Mass" being more difficult to
.point-at" than Wave Superposition', the different functions
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to be accomplished in teaching these concepts should be con-
sidered. For example, it may be advisable to provide addi-
tional content in teaching concepts difficult to "point-at"
(less "point-at-able") such as "Mass" than to more "point-at-
able" concepts sudh as "Wave Superposition". It is suggested
that fruitful investigations into the prOblem of devising
teaching strategies for concept teaching may be developed by
considering the afunctions to be accomplished in teaching
a concept" in terms of the "point-at-ability" of a concept.

Place Table 8 About Here

Summary and Conclusions

This study has explored the possibility of devising a
method, based on a conceptual framework of teaching developed
by Smith and co-workers (1962, 1967; Coombs, 1971), which could
be used to analyse and evaluate the teaching strategies em-
ployed in science courses to teach science concepts. The
goal of the study has been to prepare a method to bridge the
gap between theoretical knowledge of teaching and practical
problems in science teaching.

The methodology developed in the study, was illustrated
by applying it to actual teaching strategies used to teach
concepts in a first-year university physics course. The
methodology requires four phases: Identifying aspects of the
conceptual framework potentially useful for analysing and
evaluating the teaching of science concepts; characterizing
records of actual teaching strategies; analysing and evalu-
ating actual teaching strategies for goodness-of-fit with
ideal teaching strategies; and suggesting specific problems
arising fram the.study requiring further investigation.
Illustrations of each phase were presented and discussed.

Unique contributions in the methodological bridge in-
clude: procedures in Phase II for organizing the information
presented as moves in a conceptual venture with respect to
the functions they accomplish in teaching a concept; and dis-
playing the organized information in summary form (Sable 2).
The four procedures in Phase III resulting in a means for
comparing ideal and actual teaching strategies are: deducing
rule-formulations for a concept seen as the "potential
product" of an actual teaching strategy; deducing an ideal
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set of rule-formulations as the "intended product" of an
ideal teadhing strategy for the same concept; evaluating the
match between the "intended product" and "potential product"
for similarity of information; and proposing alternatives or
additions to the actual teaching strategy in the form of
moves which could bring it more in line with the ideal. In
Phase IV, three specific problems arising out of the develop-
ment of the methodology and encouraging sources of further
investigation were identified and described. The problems
were envisioned as being along a hypothetical continuum from
theoretical problems at one end, to practical prdblems at the
other. The theoretical problems had to do with specific di-
fficulties in using the "conceptual venture" categorizations.
At a somewhat less theoretical place in the continuum,
specific problems were raised concerning concept teaching.
At the practical end of the spectrum a problem of classroom
practice was identified and a tentative solution suggested
in the form of a "Handbook of Teadhing Strategies for Selected
Science Concepts."

A general conclusion of the study is that the theoretical
framework used appears to be potentially useful for analysing
and evaluating certain aspects of classroom teaching. The
venture and move categorizations of the framework proved
tractable for analysing actual teaching strategies performed
in a lecture-type teaching situation.

It should be emphasized that identifying the hintended
product" of a teaching strategy is most difficult. If the
methodology is employed by a teacher, then his personal
determination of what he hopes to be the information pre-
sented in teachimg would be the source for deducing rule-
formulations representing the "intended product". On the
other hand, if a person external to the teaching (i.e., an
evaluator of the course or curriculum designer) were to em-
ploy the methodology some clear statement of the necessary
and sufficient rule-formulations needed to understand the
concept would be required as the "intended product. The
rules might be obtained by requesting a group of experts in
the subject matter area to indicate what information must be
presented, in a teaching strategy or available to the
students, for the students at a given level of sdhooling to
understand the concept.
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Classifying and organizing the information introduced
by the various moves of a venture in terms of the functions
to be accomplished in teaching a concept, appears useful
not only for deducing rule-formulations for the concept
embodied in a teaching venture, but also for evaluation
purposes by identifying which function probably was not
accomplished because appropriate moves were not made, or
because the moves made were defective in some way.

Tabulations of the information introduced about a con-
cept in the form of moves made in accomplishing the teaching
functions can also be used to suggest teaching strategies
that may, on logical grounds, be more effective than others.
It was pointed out in the study, that concepts appear to
differ in "point-at-ability" and that it may be advisable to
consider devising teaching strategies with this aspect of
concept teaching in mind. In addition, in cases for example,
wherethe.concepts are hard to define because of difficulty
in accomplidhing the "experiential reference" function, it
is suggested that additional moves pmoviding "relational
meaning" and "contextual information", be included in the
teaching strategy to be devised. Although the methodology
developed does not suggest a Tbest" strategy for any par-
ticular concept, a problem for experimental study, it does
suggest at least some consideration for devising teadhing
strategies for a concept.

The results of analysing conceptual ventures as demon-
strated in the study are seen as potentially useful infor-
mation to the teacher. In particular, a display of the rule-
formulations for a concept deduced by this procedure, con-
stituting both the "potential product" and the -intended
product of concept teaching, is seen as a useful check for
the instructor on how congruent his teaching was with his
intents. Information about congruency of intents with
teaching acts may suggest additional actions which need to
be taken for improving teaching performance and identifying
possible sources of difficulty students may be having in
learning a concppt. Further experimental study is needed to
determine what the effects are on student learning of
different kinds of ten'gching strategies and the degree of
accomplishment of the functions of a particular teaching
strategy.
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Although the methodology developed was only applied to
concept teaching, it would appear to be generalizable to other
kinds of teaching as well. For example, in science teadhing
there is considerable concern with causal ventures in which
cause-effect relations are taught. Concept and causal ventures,
along with six other common classroom teaching ventures arc
provided for in the conceptual framework used in the study and
should therefore make the methodology applicable in these
teaching situations.

Finally, it should be recognized that the study is limited
to being exploratory in nature. It is intended that it provide
an empirical base for subsequent experimental studies in
teadhing and that an instructor familiar with the methodology
presented could use it in attempting to evaluate his oun con-
cept teaching. The methodology is seen as providing a
possible wey of linking an important theoretical view of
teaching to classroom practice and, in so doing, provide a
basis for future experimental investigation.
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Epistemic Rules for Analysing Conceptual Ventures

The moves in a conceptual venture should lead to ex-
plicating the concept under discussion. Coombs suggests
two epistemic rules for analysing a venture. These are:

1) The discussion must adduce a set of criteria
(necessary or typical conditions) which are
sufficient to warrant the use of the concept
term. We check to see if we have a set of
sufficient criteria by determining whether the
criteria allows application of the term in all
cases we ordinarily apply it, and rules out its
application in all cases we ordinarily don't
apply it. If it is a technical term its use by
the specialist in the technical areas rather
than its use by ordinary careful language users
is the point of reference.

2) Within reasonable limits the more sets of
sufficient conditions adduced the better.
Sufficient conditions provide recognition
power. The greater the number of sufficient
conditions one knows the greater the chances
he will be able to recognize cases in which
the concept applies.

(Coombs, 1969, p.1)

Catalo 1....geofilszts_Ret to Teaching Conce ts

In conceptual ventures the concern is with the pre-
sentation of information for the explication of the concept.
Smith and co-workers have identified four major concerns of
'Wan-hers when explicating a concept:

1) Presenting information which results in students
being able to describe the concept (descriptive
moves);

2) Identifying differences between the concept and
some other concept (comparative moves);

3) The direct description of characteristics or
qualities of the concept through a discussion of
instances (instantial moves).



4) The use of the concept in reading or learning about
more advanced subject matter (Image moves).

Below are descriptions and example moves in each of the four
categories.

Descriptive Moves

1. Characteristic

The referent is described as having a particular. Charac-
teristic or feature. Example -- concept being taught cerebrum:

T: What is the form of the cerebrum?

S: Snheres.

T: Hemispheres. In other words it is divided
into two parts and we call them hemispheres.

2. Sufficient condition

It is pointed out that a given feature or set of features
is sufficient to identify something as an instance of the re-
ference class. Example -- concept being taught acid:

T: Now, if you were asked to identify an acid,
could you?

S: It bas ionizable hydrogen.

3. Classification

The reference class of the concept is identified as a
subclass of some more inclusive class of things. Example
concept being taught habit:

T: How would you define habit?

S: It's an acquired reflex.

4. Subclass

It is pointed out that a given class of things is a sub-
class of the reference class of the concept. Example --
concept being taught crime:
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T: Is a felony one type of crime?

S: Yes.

5. Case Characterization

A case is described and the concept term is used to make
a significant statement characterizing the case. Example ...-
concept being taught socialization:

T: Can anyone tell me what socialization means?

S: When a kid plays with a group of kids and
he starts to think like them, to like what
they like and that sort of thing, he's
being socialized.

T: Yes, socialization of the child is taking
place in that case, isn't it?

6. Force

It is pointed out that the concept name has a given
emotive, persuasive or evaluative force. Example -- concept
being taught propaganda:

S: Doesn't propaganda mean something bad?

T: Yes, we generally think of propaganda as
something bad.

Comparative Moves

7. Analogy

The way in which the referent is similar to the referent
of some other concept is pointed out. Example -- concept
being taught nervous system:

T: What would the nervous system correspond
to in a building?

S: The system of electrical wiring.



8. Differentiation

The way in which the referent differs from the referent
of some other concept is pointed out here. Example .- concept
being taught parole:

T: What's the difference between probation
and parole?

S: Parole -- you have to serve part of a
prison sentence. Probation -- you don't,
but you still have to report practica4y
every week.

9 Contextual Definition

It is pointed out that a given expression employing the
concept name is equivalent to another expression.
Example -- concept being taught pluralism:

T: Can you tell me what pluralism means?

S: Well, a pluralistic society is -- is
a society made up of people with lots
of different points of view.

10, Instance Comparison

The similarities or differences between two or more
things described as instances of the concept are pointed out.
(s4b-class comparison) Example -- concept being taught
amphibia:

T: Where else do we have a big difference
in these animals?

St The salamander still has its gills but
the frog lost its gills from the tadpole
stage into the adult stage.



Instantial Moves

11. Positive Instance

Some object, event or condition is described or pointed
out and is identified as an instance of the concept (malther
of the reference class). Example -- concept being taught satire:

T: This book we're reading is one of the finest
examples of a novel that is satire.

12. Negative Instance

Something similar to but not an instance of the concept
is described or pointed out and identified as not being an
instance of the concept. Example -- concept being taught
voluntary act::

S: When something flies at my eyes and I blink,
this would be a voluntary act, wouldn't it?

T: Ho, I don't think so.

Usage Moves

13. Use

The concept name is correctly used in tho context of a
sentence or a larger utterance. Example -- concept being
taught scarcity:

S: It's because of scarcity that um have to make
priorities to how we're going to spend the
country's money.

14. Meta-distinction

The nature of a concept, the different meanings a term
can have, etc., are described or pointed out. Example --
concept being taught imperialism:

T: Some terms like imperialism have more than one
kind of meaning. They tell what something is,
but they also tell how we feel dbout it,

(Coombs, 1969, pp. 14-15)


